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Th e Astrobiology Technology Branch supports fundamental 
research and the development of advanced technologies in 
astrobiology as they relate to the exploration of space and 
understanding life in the universe. Current branch eff orts 
encompass research and technology development for advanced 
life support, utilization of planetary resources, and astrobiology. 
Advanced Life Support focused research is directed primarily at 
physicochemical processes for use in regenerative life support 
systems required for future human missions and includes 
atmosphere revitalization, water recovery, waste processing/
resource recovery, and systems modeling, analysis and controls 
associated with integrated subsystems operation. In-Situ Resource 
Utilization (ISRU) technologies will become increasingly important 
on every Mars lander between 2003 and a human mission to 
Mars. Th e branch focus is on the development of technologies 
for Mars atmosphere acquisition, buff er gas production, and 
CO2 compression. Research and technology development for 
astrobiology includes understanding the physical and chemical 
limits to which life has adapted on Earth, the molecular adaptations 
that have allowed living systems to inhabit extreme environ-
ments, and the application of this knowledge to biotechnology, 
nanotechnology, and planetary protection. Researchers in the 
branch also develop fl ight experiments and associated hardware for 
shuttle, ISS, and unmanned NASA missions.

Mark H. Kliss

Branch Chief, Astrobiology Technology Branch

Astrobiology Technology Branch 
Overview

Branch Chief, Astrobiology Technology Branch
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CLEAN INCINERATION FOR 
SPACE MISSIONS

John W. Fisher and Suresh Pisharody

One of the research objectives at NASA Ames Research 
Center is the development of solid waste processing 
technologies for long duration exploration missions. A 
major part of this research effort entails the recovery of 
resources from life support wastes, such as the recovery 
of carbon dioxide and water from waste biomass via 
incineration. Carbon dioxide and water can be used as 
part of a regenerative life support system to grow plants 
for food. One of the central problems associated with 
incineration is the production of undesirable or toxic 
byproducts of combustion. Ames has developed an in-
cineration flue gas cleanup system that allows use of the 
carbon dioxide in a plant growth system and that allows 
release of the remainder of the clean flue gas back to the 
crew cabin.

As space missions increase in duration, there will be an 
increased need to transition from life support systems 
using stored life support materials to life support sys-
tems using recycled life support materials. For instance, 
for short duration missions food can be stored, how-
ever, for missions lasting several years, food will need 
to be provided from a number of possible sources. One 
viable source is a plant growth chamber. Growing food 
in space will require recycling waste materials for the 
raw materials necessary for plant growth: carbon diox-
ide, water, and nutrients. Incineration offers a method 
of converting waste materials such as inedible biomass 
(the part of a plant that can not be eaten) back into 
carbon dioxide, water, and nutrients (ash).

The process of combustion of biomass in an incinerator 
operates in a way similar to the combustion of wood in 
a fireplace—the biomass is almost completely oxidized 
to gaseous carbon dioxide and water vapor, and only a 
small residue of inorganic substances (ash) is left. Even 
in the best of combustors, however, some unoxidized 
material remains, and toxic byproducts and/or contam-
inants such as nitrogen and sulfur oxides are formed. 

In recent years, research at Ames has focused on de-
veloping methods to eliminate the undesirable com-

bustion byproducts. One approach has been to use 
reductive catalytic systems to convert the nitrogen and 
sulfur oxides to nitrogen and elemental sulfur, innocu-
ous materials at room temperature. Oxidative catalysts 
can then oxidize the remaining hydrocarbon contami-
nants to very low levels. In collaboration with outside 
university and corporate organizations, an integrated 
incineration system has been developed and tested 
that utilizes a fluidized-bed combustor followed by a 
catalytic cleanup system. In the past year, this system 
has demonstrated the ability to burn inedible biomass 
and produce a very clean exit flue gas. The concentra-
tion of contaminants in the gas exiting the incinerator 
is generally less than a few parts per million. Except for 
the carbon dioxide, which is toxic to humans at high 
concentrations, the exit stream from the incinerator is 
able to meet the Space Maximum Allowable Contami-
nant (SMAC) standards for clean air in a spacecraft. 

A second research effort at Ames is investigating the use 
of waste material to prepare the flue gas cleanup system. 
A pyrolytic process converts inedible biomass to char, 
and the char is then converted to activated carbon. The 
activated carbon is used to remove contaminants such 
as nitrogen oxide and sulfur dioxide from the incinera-
tor flue gas by adsorption followed by chemical reaction 
with the carbon. The contaminants are thus converted 
to innocuous nitrogen gas and elemental sulfur. In the 
past year, the process of producing activated carbon 
from wheat straw has been demonstrated, and the 
activated carbon produced from wheat straw has been 
used to reduce the concentration of nitrogen oxides in 
incinerator flue gas from 300 ppm (parts per million) 
to less than 1 ppm. This meets the SMAC limits within 
the crew cabin.

With the development of energy efficient, optimized 
incineration and flue gas cleanup systems, NASA will 
have the technology necessary to “close the loop” on 
carbon. Ultimately, carbon will move within the system 
from plant to person and/or incinerator and back to the 
plant without ever becoming a stored waste, achieving 
a significant milestone in the development of advanced 
life support systems which approach self-sufficiency.
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ATMOSPHERIC RESOURCES FOR 
EXPLORATION OF MARS

John Finn, Dave Affleck, Lila Mulloth

The atmosphere of Mars has many of the ingredients 
needed to support human exploration missions. It 
can be “mined” and processed to produce oxygen and 
buffer gas for breathing (used to dilute oxygen). With 
lightweight hydrogen transported from Earth, or using 
water found in local deposits as a hydrogen source, 
storable methane rocket fuel can also be produced. The 
use of local materials, called ISRU (for in situ resource 
utilization), is an essential strategy for a long-term 
human presence on Mars from the standpoints of self-
sufficiency, safety, and cost. It is a key cost-reduction 
element of NASA’s Strategic Plan.

The atmosphere of Mars is roughly 95% carbon diox-
ide, 3% nitrogen, and 2% argon. There are also trace 
amounts of other gases. Carbon dioxide is the resource 
for oxygen and also provides the carbon that can be 
used in methane production. The production of these 
gases will likely dominate any early Mars manufactur-
ing plant because of the quantity of materials needed to 
return samples or humans to orbit or to Earth. How-
ever, it is important to recognize that buffer gas also 
represents a considerable launch mass, estimated on the 
order of two to three tons for a human mission (mainly 
due to airlock activity). With the proper selection of gas 
acquisition and processing technology, a more optimal 
ISRU plant can be designed that will provide all these 
resources with minimal mass and power consumption.

For example, carbon dioxide must be acquired from 
the Mars atmosphere, purified, and pressurized in 
order to be useful in a propellant production plant. 
Buffer gas is a potential by-product of the purification 
process. NASA Ames developed a process whereby the 
small amount of nitrogen and argon present in the 
atmosphere are efficiently separated from the carbon 
dioxide during an adsorption compression process (see 
figure 1). Carbon dioxide adsorbs in the first bed, while 
nitrogen and argon pass through and are collected in a 
separate adsorption bed. When the first bed is heated, 
carbon dioxide is driven off at elevated pressure. Simi-
larly, the nitrogen and argon are driven off at pressure 
when the second bed is heated. Such temperature-swing 

adsorption compression and separation processes are 
highly efficient and are expected to work well on the 
cold Martian surface. Being virtually solid-state, they 
do not suffer the wear and reliability problems associ-
ated with operating mechanical pumps in that hostile 
environment.

ROTATING-DISK ANALYTICAL 
SYSTEM (R-DAS)

Michael Flynn and Bruce Borchers

One of the main limitations in increasing the scientific 
return from fundamental biology and life sciences 
experiments onboard the International Space Station 
(ISS) is the inability to conduct a variety of biological 
and analytical assays in flight. The Rotating-Disk 
Analytical System (R-DAS) is an automated analytical/
cell culture laboratory that has been developed as a 
biotech and chemical analytical instrument for use on 
ISS and other space flight platforms. R-DAS uses a 
microfluidics rotating disk and predetermined spinning 
profiles to accomplish complex fluid management tasks. 
Analysis is accomplished through the use of a custom 
optical imaging system. The instrument can conduct 

Figure 1. Flow diagram of an adsorption-based CO2 compression and 
N2 / Ar separation device for the Mars atmosphere.
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a wide range of protocols on orbit with onboard 1-g 
and micro-g controls without the need for the ISS 
centrifuge. 

The system has a variety of unique design features such 
as automated microgravity environment assays and 
optical detection schemes which support natural and 
induced fluorescence. It is capable of conducting ca-
lorimetric, spectral, and image analysis. It will provide 
in-flight 1-g control studies without the need for the 
ISS centrifuge. It uses sealed and disposable sample 
disks which are pre-configured with all necessary 
reagents. The use of centrifugal force to control fluid 
flow minimizes acceleration velocities and shear forces 
and creates an environment which is insensitive to two-
phase microgravity flow restrictions thereby simplifying 
sample preparation and introduction procedures.

The system is designed to fit into a double mid-deck 
locker (1/4 Space Station rack). It is designed to remain 
on orbit with only the disks being transported back and 
forth to orbit. A disk storage/holding system will be 
provided in order to allow for multiple disks processing. 
Operational protocols can be written on CD disks and 
experimental results can be re-written on the CD disks.

Ames Research Center has recently completed a rapid 
system prototype development effort. This six-month 

effort has resulted in the development of the prototype 
R-DAS system. The prototype is shown in Figure 1. 
This system is fully automated and uses a single micro-
fluidic disk (single assay) with six parallel flow paths. 
The disk is shown in Figure 2. A florescent microscope 
is incorporated into the design in order to image sam-
ples and provide complete image analysis. The system is 
portable, having dimensions of only 8 in. x 20 in. x 20 
in. The prototype was completed on January 1, 2002, 
and is currently being validated against standard labora-
tory protocols. In order to provide a first demonstration 
assay, a unique microfluidic disk was fabricated using 
the Molecular Probes Live/Dead stain assay. 

Live/Dead Bacterial Viability Kit stains are based on the 
use of SYTO 9 green fluorescent nucleic acid stain and 
the propidium iodide red-fluorescent stain. Live/Dead 
kits are also available for animal cells and yeast assays, 
both of which will work in the existing R-DAS disk 
system. 

Initial test results from the prototype system Live/Dead 
assay are encouraging. In addition, the system design 
is such that R-DAS is readily adaptable to a variety 
of other assays/disks being evaluated. With further 
development, R-DAS promises to usher in previously 
unavailable biological laboratory analysis capability 
onboard ISS and other future space flight platforms.

Figure 2. R-DAS Microfluidic Disk.Figure 1. R-DAS Instrument 
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PROTEIN NANOTECHNOLOGY

Jonathan Trent, Andrew McMillan, Chad Paavola

In support of NASA’s efforts to improve mission 
success, there is a growing need for the development 
of smaller, stronger and “smarter” scientific probes 
compatible with space exploration. The necessary 
breakthroughs in this area may well be achieved in the 
revolutionary field of nanotechnology. This is technol-
ogy on the scale of molecules, which holds the promise 
of creating devices smaller and more efficient than 
anything currently available. Although a great deal of 
exciting research is developing around carbon nano-
tubes-based nanotechnology, investigators at NASA 
Ames Research Center are also exploring biologically 
inspired nanotechnology.

The biological “unit,” the living cell, may be consid-
ered the ultimate nano-scale device. Cells, which are 
constructed of nano-scale components, are extremely 
sensitive, highly efficient environmental sensors capable 
of rapid self-assembly, flawless self-repair, and adaptive 
self-improvement; not to mention their potential for 
nearly unlimited self-replicate. Ames is focusing on a 
major component of all cells (proteins) that are capable 
of self-assembling into highly ordered structures. A pro-
tein known as HSP60 is currently being studied that 
spontaneously forms nano-scale ring structures (Figure 
1A, end view; B, side view), which can be induced to 
form chains (Figure 1C) or filaments (Figure 1D). 

By using thermostable HSP60s, highly efficient meth-
ods have been developed for purifying large quantities 
of these proteins and by using the “tools” of molecular 
biology , their composition and structure-forming 
capabilities are being currently modified. 

Recently, progress has been made in evolving the 
HSP60 into a structural subunit that can be manipu-
lated in such a way as to utilize it for the formation of 
ordered arrays. Ordered arrays of metals are of interest 
in the semiconductor engineering community for the 
fabrication of devices that can be addressed and further 
assembled into logical circuits. To this end, a portion of 
the wild-type HSP60 subunit identified as contributing 
to the formation of filaments, or end-on structures, has 
been removed at the genetic level. The removal of this 
region of DNA directs the expression of a protein inca-
pable of organizing into filaments; however, it possesses 
the ability to crystallize in two dimensions in a highly 
ordered hexagonally packed array (Figure 1E). This or-
dered array is being used to direct deposition of metals 

Figure 1: Protein rings (A end view, and B side view), chains of rings (C), 
and bundles of chains (D) that can be used in nanotechnology. Two-dimen-
sional crystals (E) of mutated rings used for metal array formation.

Figure 2: Mutant forms of HSP60 possess genetically engineered chemical 
reactivity at specific sites on the rings (A, green dots). These rings are 
crystallized (A) in two dimensions forming a highly ordered template. The 
template is applied to the surface of a substrate (B), and metals are bound 
that specifically attach to defined sites throughout the crystal (C). Finally, 
the template is removed (D), and the ordered array remains bound to the 
substrate.
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by templating. This process takes advantage of both the 
propensity of the modified subunit to self-assemble into 
a highly ordered array and the ability to site-specifically 
functionalize the protein. Using this approach, specific-
ity for metals can be engineered into the protein that 
will subsequently localize the metals at defined inter-
vals along the protein and hence into an ordered array 
(Figure 2). A simple removal of the protein leaves the 
ordered array of metal on the substrate with nanometer 
scale feature resolution.

PROTEINS AS TOOLS FOR 
BIONANOTECHNOLOGY

Jonathan Trent, Andrew McMillan, and Chad Paavola

NASA’s efforts to optimize space exploration are 
enhanced by the development of smaller and more 
powerful sensors and information storage and pro-
cessing devices. These devices, which depend on the 
controlled organization of materials into addressable 
arrays, are currently being fabricated primarily by 
lithographic techniques. While these techniques have 
been refined to create devices on the micron scale, 
there are compelling reasons to produce nanoscale de-
vices. In addition to the increased packing density, on 
the nanoscale there are quantum effects that rely on 
the behavior of single electrons. These quantum effects 
open new horizons in the design and development of 
sensors and electronic devices that will have a signifi-
cant impact on the performance of future NASA space 
probes.

Controlled assembly of materials on the nanometer 
scale, however, presents a formidable problem. It is be-
yond the theoretical and practical limits of convention-
al lithographic patterning processes and while alternate 
techniques, such as X-ray and ion beam lithography 
have the resolution to reach the nano-scale, they are 
currently prohibitively expensive. We are developing a 
radical new technique for patterning materials on the 
nanoscale using proteins.

Proteins are self-assembling biomolecules that naturally 
form highly ordered structures and that can be modi-
fied and manipulated by genetic engineering. Genetic 
engineering transforms natural proteins into “nano-

agents” that are capable of recognizing, binding, and 
ordering nanoscale materials. 

NASA Ames has demonstrated the feasibility of using 
proteins as nano-agents with a class of proteins called 
HSP60s. These proteins naturally associate to form 
rings 17 nanometers in diameter called chaperonins. 
Chaperonins can be induced to form higher order 
structures such as chains or two- and three- dimen-
sional crystals. By genetically engineering HSP60s to 
bind metal or semiconductor quantum dots, chapero-
nins can create useful nanoscale devices such as wires, 
waveguides, and quantum dot arrays. Two-dimensional 
crystals of chaperonins have been used to produce 
two-dimensional arrays of quantum dots as shown in 
Figure 1 adapted from a Nature Materials article. The 
properties of these arrays and the construction of other 
structures using chaperonins are now under investiga-
tion. The knowledge gained from these investigations 
combined with new techniques in genetic engineering 
represent a formidable tool for nanotechnology. NASA 
is helping to explore these new frontiers that will ulti-
mately play a key role in future NASA missions.

EXPLOITING THE PHYSICO-CHEMICAL 
PROPERTIES OF SINGLE-WALLED CARBON 
NANOTUBES FOR ADVANCED LIFE SUPPORT 
APPLICATIONS

John Fisher, Martin Cinke, K. Wignarajah, Jing Li, Suresh 
Pisharody, Harry Partridge

NASA Ames is investigating the potential applications 
of single-walled carbon nanotubes for trace contami-
nation control in future manned space missions. A 
number of solid waste treatment technologies are under 
investigation for the function of resource recovery 
during long duration manned missions. Inherent to 
many of these candidate technologies (for example, 
incineration) is the production of undesirable by-prod-
ucts such as nitrogen oxides, carbon monoxide, trace 
hydrocarbons, and sulfur dioxide. The success of waste 
processing resource recovery technologies thus depends 
on the ability of gas clean-up systems to efficiently 
remove these contaminants from regenerative life sup-
port systems with minimal use of expendables. Existing 
industrial processes employed to reduce byproducts 
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from effluent gases typically require the use of expend-
able materials such as ammonia, carbon monoxide or 
hydrocarbons in the presence of a catalyst. 

Single-walled carbon nanotubes (SWCNT) are excel-
lent candidates as catalysts and catalyst support materi-
als for trace contaminant control. They possess highly 
selective adsorptive properties and high surface areas. 
Based on theoretical predictions with proper control 
of tube spacing and tube diameter, Brunauer-Emmett-
Teller (BET) surface areas approaching 3200 squared 
meters per gram are possible for the bulk material 
(opened tubes), which includes a significant contribu-
tion from the interior pores (endohedral surface) and 
channels approaching 1500 squared meters per gram. 

To date, carbon nanotubes have been shown to be very 
effective catalyst supports for the conversion of nitrogen 
oxides to nitrogen and oxygen without the need for any 
exogenous consumables such as carbon monoxide and 
ammonia. Catalyst impregnation of single-walled nano-
tubes is necessary to enhance the conversion efficiency 
of the trace contaminants and to reduce the conversion 
temperature. Rhodium impregnation and characteriza-
tion of SWCNT’s has been studied in the past year. 
Impregnation of the single-walled nanotubes with 
metals such as Palladium, Platinum, Silver, Ruthenium 

and Niobium are being tested for removal of spacecraft 
cabin air trace contaminants. 

The biggest challenge to using nanocarbons is to de-
velop high purity material. The NASA-Ames research 
team has been working with nanocarbons produced by 
iron-catalyzed gas phase disproportionation of carbon 
monoxide (HiPCO process). The raw nanocarbons 
produced by this process have a high iron content 
(30%) that needs to be significantly reduced for it to be 
of value for catalyst impregnation and pollution control 
applications. This was performed successfully with 
the iron content being reduced to less than 1% - the 
lowest reported to-date. Surface characterization of the 
nanocarbons confirmed the purity and also showed that 
we had achieved BET surface areas of close to 1600 
squared meters per gram. (Cinke et al, Chem. Phys. 
Letters (2002): volume 365 pp 69–74)

DEVELOPMENT OF THE VAPOR PHASE 
CATALYTIC AMMONIA REMOVAL PROCESS

Michael Flynn 

Water is the single largest resupply requirement associ-
ated with human space flight, accounting for 87% by 
mass of an astronaut’s daily metabolic requirement. The 
Vapor Phase Catalytic Ammonia Removal (VPCAR) sys-
tem technology represents the next generation in space 
flight water recovery system. It was designed to accept a 
combined waste stream (urine, condensate, and hygiene 
water) and produce potable water in a single step. This 
compact, module system requires no resupply or main-
tenance and can fit into a volume comparable to a single 
Space Station rack. NASA Ames recently completed 
the development of a human-rated, test version of the 
VPCAR technology, as shown in Figure 1.

The VPCAR system achieves a mass metric almost an 
order of magnitude better than the current state-of-
the-art water processors. (Mass metric is a technique 
used to compare candidate technologies by reducing all 
performance parameters into a single equivalent launch 
mass metric.) Incorporating the VPCAR technology 
into human space flight missions could potentially 
save hundreds of millions of dollars in resupply costs, 
depending on the specific mission scenario. 

Figure 1. (Top) Genetically engineered proteins bind gold nanoparticles and 
self-assemble into chaperonins. (Bottom), Chaperonins with nanoparticles 
held within the pores self assemble into ordered arrays. The distance 
between each dot, or feature, within the array is many times smaller 
than the distance between features in devices created using conventional 
lithography.
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VPCAR is a two-step distillation based water proces-
sor that uses of a wiped-film rotating-disk (WFRD) 
vacuum evaporator to volatilize water, small molecu-
lar weight organics, and ammonia. The vapor stream 
is then oxidized in a vapor phase catalytic reactor to 
destroy any contaminants. The VPCAR system uses 
two catalytic beds to oxidize contaminants and decom-
pose any nitrous oxide produced in the first bed. The 
first catalytic bed oxidizes organics to carbon dioxide 
and water and ammonia to nitrous oxide and water. 
This oxidation reactor contains 1 percent platinum 
on alumina pellets and operates at about 523 Kelvin. 
The second catalytic bed reduces the nitrous oxide to 
nitrogen and oxygen. This reduction catalyst contains 
0.5% ruthenium on alumina pellets and operates at 
about 723 Kelvin. The reactor and distillation functions 
occur in a single modular process step. The process 
achieves between 97-98 percent water recovery and has 
no scheduled maintenance or resupply requirements for 
a minimum of three years.

The VPCAR activity is significant in that it represents 
the development of the next generation of life support 
water recovery technology. Ames Research Center’s 
involvement has spanned from the first principle 
definition to the model development, bench-scale and 
lab-scale prototype development, and most recently, 
contract management of the development of a human-
rated version of the technology for evaluation for space 
flight application.

TEMPERATURE-SWING ADSORPTION COM-
PRESSOR FOR A CLOSED-LOOP AIR REVITAL-
IZATION SYSTEM

Lila Mulloth

Living in space beyond low Earth orbit for extended 
durations will be possible only in a self-sustaining 
environment where air, water and food are regener-
ated. Closing the air loop is one of the important 
steps among the life support processes. A closed-loop 
air revitalization system (Figure 1) requires continu-
ous removal of carbon dioxide from the breathable air 
and an oxygen recovery system to conserve the oxygen 
from the waste carbon dioxide. Production of oxygen 
from carbon dioxide is typically achieved by reacting 
carbon dioxide with hydrogen in a Sabatier reactor. An 
interface device, such as a compressor, is required to 
link the carbon dioxide removal system and the Saba-
tier reactor. Closing the air loop will also significantly 
reduce the cost associated with the water resupply from 
Earth. NASA Ames has developed and tested a solid-
state compressor that can interface the carbon dioxide 
removal assembly and the Sabatier reactor for air-loop 
closure in a spacecraft.

The air revitalization system of the International Space 
Station (ISS) operates in an open loop mode and relies 
on the resupply of oxygen and other consumables from 
Earth for the life support of astronauts. Currently, 
the excess carbon dioxide that is being removed from 
the cabin air and the hydrogen that is produced as a 
byproduct during the water electrolysis for oxygen pro-
duction are being vented to space. The Carbon Dioxide 
Removal Assembly (CDRA) of ISS does not have the 
provision for supplying the waste carbon dioxide to a 
reduction unit at the required pressure. An additional 
compressor and a storage device is required to remove 
the carbon dioxide from the CDRA at a low-pressure, 
store it, and supply it to the Sabatier reactor at a higher 
pressure as needed. The need to close the air loop is 
critical in long-duration transit vehicles and future 
space habitats where the resupply of consumables may 
not be practical. 

NASA Ames is developing a Temperature-Swing Ad-
sorption Compressor (TSAC) to close the air loop. This 
compressor will perform the functions of a vacuum 

Figure 1. VPCAR under construction.
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pump, compressor, and storage device for the acqui-
sition and delivery of the CO2 from CDRA to the 
Sabatier reactor. Unlike a mechanical compressor, the 
TSAC is a solid-state device that offers quiet and vibra-
tion-free operation, long life, and high reliability that 
are essential for long duration space voyages. In addi-
tion, if waste heat is available, the TSAC can operate 
with minimum or no electrical power. The TSAC has a 
direct application in closing the air loop in the ISS life 
support system and is a highly promising technology 
for the future space habitats and long-duration plan-
etary and transit vehicles.

The TSAC contains two identical cylinders that operate 
in a cyclical manner. One cylinder acts as a “vacuum 
pump” that synchronizes with the carbon dioxide 
removal system while the other acts as a “compressor” 
that synchronizes with the Sabatier reactor to ensure 

uninterrupted operation of the air revitalization system 
components. Low-pressure carbon dioxide from the 
CDRA is adsorbed on the TSAC chamber that contains 
cold and regenerated sorbent. The sorbent chamber 
stores the carbon dioxide until the Sabatier reactor is 
ready to accept it. The sorbent in the closed chamber is 
then heated in order to drive the carbon dioxide off the 
sorbent and thereby increase the pressure to the desired 
set point. The compressed gas flows into the Sabatier 
reactor at a controlled rate. Coolant from the space-
craft’s thermal control system cools the cylinder back to 
its initial state, and the process is repeated. A prototype 
of the TSAC (Figure 2) was built at Ames and success-
fully tested with a flight-like CDRA at NASA Marshall 
Space Flight Center. The tests demonstrated the ability 
of TSAC to operate as an efficient interface device for 
the CDRA and Sabatier reactor. 

Figure 1. Schematic of closed- loop air revitalization system for a spacecraft.

Figure 2. TSAC prototype developed at NASA Ames Research Center.


